Background
Introduction
Inhibitors of 3-hydroxy-3-methylglutary-coenzyme A reductase (HMG-CoA) are also known as statins and are common cholesterol-lowering medications that are widely used for primary and secondary prevention of cardiovascular disease and stroke [1] [2] [3] .
In addition to statins' cholesterol-lowering effect, several in-vitro and in-vivo studies have suggested that statins may have anticancer properties that are mediated via various mechanisms, such as the arrest of the cell cycle [4, 5] , induction of apoptosis [6] [7] [8] , and inhibition of tumor growth metastasis [9] [10] [11] . Several meta-analyses and observational studies have shown that statin administration is either not associated with an increase in the development of cancer [12] [13] [14] [15] or even associated with a decrease in risk of the development of cancer [16] [17] [18] [19] [20] . Regarding the administration of statins and the risk of hematologic malignancy, one metaanalysis suggested that statins may have chemopreventive effects and reported a risk reduction of 19% [21] . However, another meta-analysis did not support this result [22] .
Non-Hodgkin lymphoma (NHL) is the most common hematologic malignancy in the adult population, and its incidence has increased significantly worldwide [23] [24] [25] . With respect to its pathophysiology, the development of NHL has been associated with chronic inflammatory statuses, such as chronic bacterial or viral infections, and autoimmune diseases. The association between the administration of statins and the risk of NHL was evaluated in a case-control study conducted in European countries that revealed that statin administration reduced the risk of NHL by approximately 40% [26] . However, previous epidemiologic studies have revealed that the distribution of malignant lymphomas in Asian countries differs from that in Western countries. These findings indicate that the etiologies of malignant lymphomas may exhibit racial and geographic differences [27] [28] [29] [30] . In terms of the association between statin administration and the risk of hematologic malignancies, particularly NHL, the majority of studies have been performed in Western countries, and related data for Asian countries are relatively rare.
As numerous people use statins on a long-term basis in Taiwan, we conducted this nationwide population-based case-control study to evaluate the association between previous statin usage and the subsequent development of NHL.
Participants and Methods

Data Source
The primary data source for this study was the National Health Insurance Research Database (NHIRD) of the National Health Insurance (NHI) of Taiwan. The NHI program is a government-run, single-payer mandatory health insurance program that was initiated in 1995 and covers of all forms of medical services including inpatient and outpatient care, dental care, preventive medicine, childbirth, Chinese medicine, home care, physical therapy and rehabilitation for chronic mental illnesses. The NHIRD was built by National Health Research Institute (NHRI) of Taiwan in 1997. The content of the NHIRD includes the original claim data from the NHI and the demographic information of all NHI beneficiaries. Because more than 98% of Taiwan's population participates in the NHI program, the NHIRD was able to provide the most comprehensive information for this study [31] . Several previous high-quality epidemiologic studies have been conducted using the NHIRD [32, 33] .
Identification of the NHL Group
In this study, all NHL cases are collected from the database of Registry for Catastrophic Illness Patients, a subpart of the NHIRD. The Registry for Catastrophic Illness Patients is a nationwide registration system established by the NHIRD for the patients who suffered from certain severe illnesses, such as autoimmune diseases, end-stage renal disease and malignant diseases. The patients with above major diseases are able to apply for catastrophic illness registration to waive all co-payments of the NHI program when seeking medical services for the catastrophic illness. The approval for a certificate of catastrophic illness involves a strict review process conducted by the Department of Health of Taiwan. For patients with NHL, the certificates of catastrophic illness were issued once the lymphoma was proved by pathology. The database of Registry for Catastrophic Illness Patients includes information, such as diagnostic codes in the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) format, the date of the diagnosis of catastrophic illness, the date of death, dates of each clinic visit, data of prescriptions, amounts of expenditure, and inpatient/outpatient claims, for all the beneficiaries with catastrophic illnesses from 1996 to 2008.
The patients with NHL were identified using the ICD-9-CM codes of the NHL (i. The index dates of the NHL group were taken as the dates on which NHL was diagnosed. The administrative data for the NHL group were composed of all of the original outpatient and inpatient care data since 1996. We excluded patients who had antecedent or co-existing malignant diseases (140.0-199.1) or HIV infection (042) that were diagnosed before the index date.
Identification of the Control Group
The data for the control group were retrieved from the Longitudinal Health Insurance Database 2005 (LHID2005), which is a subpart database of NHIRD that contains randomly selected representative data from 1,000,000 patients among all NHI enrollees from the year 2005 registry that were selected by a systematic sampling method for research purposes. According to the report of the NHIRD, there were no significant differences in the demographic information of the LHID2005 sample and the entire NHI database. This database is composed of all of the original medical claims related to the 1,000,000 enrollees' historical outpatient and inpatient care under the NHI program from 1996 to 2008. The control group was composed of patients who were hospitalized with diagnoses unrelated to statin administration, including orthopedic conditions, trauma (excluding wrist and hip fractures), and other conditions (acute infection, hernia, kidney stones, and cholecystitis). We excluded patients with wrist and hip fractures that were diagnosed before the index date because previous articles have shown that statin users are at a reduced risk of osteoporosis [34] [35] [36] . The patients with a previous cancer diagnosis or HIV infection were also excluded.
The patients in the control group were randomly pair-matched to the patients with NHL according to sex, year of birth and index date (10 controls for every NHL case). The index dates (i.e., the date of hospital admission) of the control subjects were within the same month of the index dates of their matched NHL subjects.
Evaluation of Previous Statin Exposure
To evaluate the association between the statin dosage and NHL, the data, including the date the statin was prescribed, the daily dose, and the number of days administered, were collected. All subjects in both groups were traced back to evaluate the previous statin usages from the index date to January 1, 1996. We utilized the defined daily dose (DDD), which is recommended by the World Health Organization as a unit for measuring the prescribed amount of a drug. The DDD was calculated according to the following formula: (total amount of drug)/ (amount of drug in a DDD) = number of DDDs. To evaluate the durations of exposures, the cumulative DDDs (cDDDs) were calculated to measure the combinations of doses and days of the statins (specifically, lovastatin, pravastatin, rosuvastatin, fluvastatin, simvastatin, and atorvastatin) from the 1 st of January 1996 to the index date.
Identification of Potential Confounders
We identified the documented risk factors for NHL as the potential confounders that were recorded between the index date and the 1 st of January 1996, which included autoimmune dis- [39, 40] and diabetes mellitus (250) [41, 42] . Some confounders associated with statin administration, such as hypertension (201-204) and hyperlipidemia (272), were also added for adjustment. In terms of environmental factors, we adjusted for the urbanization level. According to the standards established by the NHRI, all 365 towns in Taiwan are stratified into 5 levels with level 1 representing the most urbanized areas. The criteria for determining the urbanization level included the density of population (persons/km 2 ), the number of physicians (per 100,000 people), the percentage of workers in the agricultural field, the percentage of residents with a college education, and the percentage of the elderly people (over 65 years of age).
We also identified the following medications that could have potentially confounded the association between the use of statins and the risk of cancer: nonsteroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase-2 (COX-2) inhibitors, aspirin, angiotensin-converting enzyme inhibitors (ACEI), and other lipid-lowering drugs (including fibrate, niacin, bile acidbinding resins, and others). The subjects who had taken the above-mentioned medications for at least one prescription during the 1-year period prior to the index date were defined as users.
Statistical Analysis
The chi-square test (χ2 test) was performed to compare the frequencies of each of the categorical variables. To evaluate the association between the statin and NHL, the study population was categorized as non-users (subjects without prescriptions for any statin at any time between the index date and the 1 st of January 1996) and statin users (subjects with at least one prescription for statin during the same period). The statin users were further categorized into four groups based on the cDDDs (<28, 28 to 90, 91 to 365, and > 365 cDDDs). A multivariate logistic regression was performed to estimate the relative magnitude in relation to statin administration. The odds ratios (ORs) and their 95% confidence intervals (95% CIs) were calculated using statin non-users as the reference. The NHL risk analyses were adjusted for gender, age, urbanization level, diabetes mellitus, HBV infection, HCV infection, hypertension, hyperlipidemia, autoimmune diseases (RA, SLE and sicca syndrome), and the use of ACEI, NSAID, COX-2 inhibitors and aspirin, fibrate and other lipid-lowering drugs. The analyses were performed using the SAS statistical package (version 9.3, SAS Institute, Cary, NC). All of the statistical tests were two-sided. Values of P < 0.05 were considered statistically significant.
Ethical Approval
The NHIRD is a completely de-identified and encrypted database for use in research only. This study was conducted in accordance with the Declaration of Helsinki. The study was also reviewed and approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH-IRB-EXEMPT-20140027).
Results
Between 2005 and 2008, 2913 patients were diagnosed with NHL. After excluding the patients with previous malignancies and HIV infection, a total of 1715 patients with NHL were enrolled in this study. After matching for sex, year of birth and index date, we randomly selected 16,942 control subjects, approximated 91.95% as 10:1 matched with the NHL patients. The research design of this study is illustrated in Fig 1. The demographic data for each of the groups are listed in Table 1 . In terms of the medical histories and risk factors for lymphoma, significantly higher rates of HBV infection, HCV infection, diabetes mellitus, hypertension, hyperlipidemia, rheumatoid arthritis, systemic lupus erythematosus and sicca syndrome were present in the NHL group. Regarding the selected medical conditions, the NHL group exhibited a significantly lower rate of prior statin administration and higher rates of NSAID and COX-2 inhibitors administration. There were no significant differences in the usages of ACEI, aspirin or other lipid-lowering agents between these two groups ( Table 2) .
The association between previous statin exposure and the risk of subsequent NHL was analyzed (Table 3 ). The numbers of subjects with any previous statin usage in the NHL and control groups were 200 (11.66%) and 2560 (15.11%), respectively. The analysis revealed that previous exposure to any statin was associated with a reduced risk of NHL with a crude OR of 0.74 (95% CI, 0.64-0.87). Additionally, there was a trend toward a decreased in the crude ORs for the NHL risk following the stratification of the users by the cumulative statin doses. After adjusting for the possible confounders (i.e., age, gender, urbanization level, diabetes mellitus, hypertension, hyperlipidemia, HBV infection, HCV infection, RA, SLE, sicca syndrome and the use of other lipid-lowering agents), the adjusted ORs remained significantly decreased (adjusted OR: 0.52; 95% CI, 0.43-0.62). When the statin users were further categorized by their cumulative doses, the inverse association between the administration of statins and the risk of NHL was found to be more significant at the higher cumulative doses of statins. The adjusted ORs were 0.63 (95% CI, 0.46-0.86), 0.58 (95% CI, 0.42-0.79), 0.51 (95% CI, 0.38-0.67), and 0.36 (95% CI, 0.24-0.53) for the cDDDs of statins of fewer than 28, 28 to 90, 91 to 365, and more than 365, respectively.
Discussion
In this population-based case-control study, we retrospectively analyzed the histories of statin administration in the NHL and control groups. The results indicated that previous statin administration was associated with a 48% reduction in the NHL risk compared with the patients who did not take any statins after controlling for the potential confounders. Additionally, this study also revealed a trend toward a greater NHL risk reduction with longer-term and more frequent prescriptions of statins. An early population-based case-control study conducted by Fortuny J et al. in Europe reported a risk reduction magnitude of 40%, which agrees with our results [26] . Unlike our study, that study did not find a greater reduction in the risk of lymphoma in the patients with prolonged statin administration durations. This difference may potentially have been caused by the different confounding variables that were adjusted for in these two studies. Moreover, the number of cases and the percentage of statin users were higher in our study possibly because statins may have been more frequently prescribed in recent years.
The details of the mechanisms by which statin use may decrease the risk of NHL are not well understood, but some potential mechanisms may support the results of the present study. First, statins have been shown to exhibit anti-inflammatory properties [43, 44] . Previous research has shown that chronic inflammation can lead to downstream oncogenic mutations in signaling pathways that have been linked to the development of various tumors, including lymphomas [45] [46] [47] . Second, statins have various antitumor properties related to many cancers. A previous animal model study revealed that atorvastatin can inactivate the RAS and ERK1/2 signaling pathways and inhibit the expression of MYC oncogene, which are thought to be closely associated with the development of malignant lymphomas [48] . Another study indicated that statins exert anti-lymphoma effects via the induction of apoptosis, which is associated with an increased generation of reactive oxygen species, activation of p38 and suppression of the AKT and ERK pathways [49] . Additionally, previous studies have revealed that patients who adhere to chronic preventive medicine are more likely to seek healthier lifestyles and preventive medical services, which may also partly explain the lower risk of NHL in long-term statin users [50, 51] . This nationwide population-based case-control study has some strengths. First, our study used a computerized database that is population-based and highly representative. Additionally, because approximately 98% of the residents of Taiwan are of Han Chinese ethnicity, the potential confounds due to heterogeneous genetic backgrounds may have been reduced. Moreover, the diagnoses of NHL are believed to be correct due to the validation by the Registry for Catastrophic Illness Patients. Second, the present study demonstrated the dose-dependent nature of the effects of statins in the chemoprevention of NHL by analyzing the cumulative DDDs. Furthermore, we selected the control group from only the patients who had been hospitalized to ensure that the index dates were the same between the NHL and control groups. Because each of the groups in this study had similar durations of investigation, the potential association bias was minimized. Third, statins are available only by prescription in Taiwan. The data regarding statin administrations were collected from a historical database; therefore, the prescription data from before the dates of NHL diagnoses were all available, and thus recall bias was avoided.
This study also has some limitations. First, although we adjusted for the potential confounders in the statistical analysis, a number of possible unmeasured confounding variables, such as Epstein-Barr virus and Helicobacter pylori infection statuses, which are associated with NHL, were not available in this database. Second, we excluded the patients with HIV infection because of the very small number of cases. According to data from the Centers for Disease Control of Taiwan, the rate of new annual cases of HIV remained relatively low until the end of 2005. However, a previous case-control study revealed that statin administration may reduce the risk of NHL in HIV-positive patients [52] . Third, because we were unable to contact the patients directly about their use of statins due to the anonymization of their identification numbers, it is possible that we overestimated the administration of statins because we presumed that all of the prescribed statins were actually taken by the patients. Finally, we analyzed the data only in terms of the statins that were administered after 1996, and information about the prescription of statins prior to 1996 was not available. This lack of information may have resulted in the underestimation of the cDDDs and dose-response effects. In summary, the results of our study revealed that previous statin administration was associated with a significant 48% reduction in the development of subsequent NHL. Additionally, the chemopreventive effects of statins increased with prolonged usage durations and increased dosages. Because statins are commonly prescribed and widely used medications, the magnitude of the risk reduction may have a substantial affect on public health. Additional studies, particularly prospective randomized trials, are warranted to confirm our findings.
